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SUMMLRY _ B -

Solutions of the Hugoniot shock equations and
Meyer axzpansion equsations are plotted in such a manner
a3 to permit ths pressure distribution, the local Mach
number, and the angles of shocik waves on arbitrary
sharp-nose airfolls et supersonic speeds to be obtalned
directly.

INTRODUCTICN

Ackeret, in reference 1, gives & method for calcu-
lating the pressure distribution over thin, sharp, two-
dimensicnel airfolls at supersonic speeds. This method,
based on the thsory of smeall disturbances, is only =a B
first spproximation and therefore 1s most accurate for
thin sirfolils.

The exsct relationshio for the pressure rise throiugh
a normal shock wave, as given by Hugonlot, is dlscussed
in reference 2. According to reference 3, the corre-
sponding relations which anply directly to the pressures
on a stralight surface of an airfoil immedistely behind
an obligue shock werse obtained by Veyer as garly es 1908
A discussion of Meyer's equstions for the expansion of
supersonic flow around an infinite corner 1s also given
in reference 3. PFrequently, interfercnce exists betwesen
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shook and expansion waves caused by the intersection of
two or more of these waves. ¥hen this intersection ls
2lose to the airfoil, as, for instence, when the alrfoll
has conslderable curvature, the celculstlons yielded by
the afarsmentlioned equations are not exact.

Tt has been shown by Perri (reference L) that the
equations for an ohlique shock combined wlth the expan-
slon egquations give a close approximation to experlimental
results as reviewed in the section “"Presentation of
Figures! in this report. The use of the equations, how-
ever, involves long and difficult .computations. The
purpaose of this psaper 1s to give graphlc solutions of
these squationy in a form sulitable for raepid calculation.
Because the slze of the gravhs limlts their accurscy,
tables are given from vhich computational graphs ofmuch
greater sccuracy may te plotted. The relsations given
herein apply dirsctly to & two~diwmensional, or cylindri-
cal, flow in which the tronsverss velcclty ls superssnic.
As pointed out by Rusewann (reference 5) they may be
adanted ta the case of oblique motion of the cylirdrical
airfoll by the addlition of an aribltrary axial velocity.
Thus, as in reference 5, the relations may be anplied to
the case of a swept-back alrfoil lying shesd of the ¥ach
lines, in which case the velocitlss and Mach numbers usged
in the calculation are those corresvonding to the trans-
verse component of the flight velocity. In case the elr-
foil 1s swept behind the Mach lines the flow will be of
a dlfferent type as discussed in reference 6

SYMBOLS
M Meaclh nurber
1o} static pressure
q dynamlc oreasure
B - change in direction of flow (see fig. 1)
A ratio of specific heat at-—constant pressure to

specific heat at constent volume = 1. for air

8 angle of shock wave relative to direction of flow
before shock :
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v angle around which the flow would have to expand
from M =1 to the gilven local Mach number

p censity of gas

Subsarints:

a for conditinns after a dlsturbance

b for conditlions before & disturbance

n for local corndition undsr considsesration ) .
o] free stream

PRESERTATION OF FIGURES

A supersonic two-diwensional sir flow arocund an
alrfoll may change 1ts directlion elther by deflection
or by exvanslon arouvnd a corner. In case the change In
air-flow direction occurs by deflectlon, & shcck weve is ‘
gset up, and in case the change 18 by expsarision, an :
expansion wave is set up. 1In elther cass, the changs of
state of the gss can be vresented as a function of the
local Mach rurber before the disturbance and the change
in direction of the gas. -

The equations from which the charts presented herein
are derived are given in the sppendlix. Values of local
Mach number, pressure ratio, snd nressure cbefficient
acrcss shock waves are given in table I. The local Yach -
nurbzrs before and after exnansions are presented in
table IT and the static relations across expansion waves,
in teble IIX. Table IV gives ths pressure ratios based
on free-stream dynamic pressure for various Mach numbers.

Before the method of determining pressure distribu-
tion, 1ift, drag, and moments may be discussed, a method
of measuring the angles that cause expansions and shoclks
must be selected. TFigure 1 shows the method used in the
oresent paper for measuring angles causing expansions;
figure 2 showa that for measuring sngles causlng shocks.
The angle causing the disturbance 1s designated B in
both cases; f 1is considered negative 1f the disturbance ’
set up is-an expansion wave and 0051t1ve if it-is a shock
wave.
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Flgure 3 shows the manner in which the flow changes
when the angles are made too large for the given specds.
If the angle causing the shock is too great; the shock
wave separates from the sirfoll surface. In figure
are glven the maximum angles that may exlst befaore the
shock wave sevarates, calculated as the boundary condl-
tion betwesen the region glving two solutions and the region
for which no solution exlsts. Tf the trailing portiom of
the airfoll is tooc blunt, the flow may sevarate from the
airfoil and leave a turbulent wake. Flgure 3(b) shows
that the expansion of the flow outside the wake 1s actually
less than it would have been had 1t followed the surface.
The nressure on the back of the airfeoil does not dscreass
so much as 1t would if the flow failed to separate, The
drags calculated 1f no separdtion 1s assumed will there-
fore be higher than those sctually experlenced.

The local Mach nurber after & disturbance (shock or
expansion)is shown in figure 5 to ke a function of the
local ¥ach number before the disturbance and the angle
causing the disturbarce. For exawple, if a flaow at =
Mach number of L.0 iwmpinges on a surface set st 50 to
that flow, & shock wave 1s set up behind vhich the local
“ach number is %.6l, while the flow behind the shock
wave ig parallel to the surface. On the other hand, the
same flow expanding around a 5% corner produces a local
Mach numbsr equal to L.l on the surface behind the expan-
sion.

gure & gives the ratioc of statlic pressures across
shock and expansion waves. For example, assume that a
flow at a local MWach number of LL.O'is shocked by & sur-
face slope change of 5 = 5 From figure 6 the pressure
ratio across the shock is 61 which means that the
pressure 1s much higher on the surface btehind the shock
than on the surface before it. If the flow at M = 4.0
had ezxnanded 5°, then the »ressure would have dropged
to 0.588., From this example it is seen that the 5
shock increased the pressure by 61 percent, whereas the
50 expansion decreased the pressure only 1i percent.
Ackeret's methed in reference 1 prqdicts egual changes
in pressure- for both the shock end the expansion, since
it 18 based on small dlsturbances. Present results
indicate, therefore, that anzles as large as 5% require
a more accurate anproximation than that given by Ackeret,
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The use of flgures 5 and 6 can be demonstrated by
golving for the local Wach numbers and pressures on the X
simple airfoll shown in figure 7. Ths coordinates of o
figures 5 and 6 are based on conditions basfore the dis-
turbance and conditions after the disturbance. Tn fig-
ure 7 the conditions efter one disturbance are noted to
be the conditions before another disturbance. The
numerical subscripits found in the symbols of figure 7 e
sre To be sssociated, therefore, for use in tho charts
of figures 5 and 6, with the supseripts & and b, i - =
saccording to thelr relaitive positions with respect to T ’
the disturbance. The airfoil 01 figure 7 is a symmstrical,
double-wedge airfcoll heving a 2° included angle at the Co
leading and trailing edges. For use In this example the = i
sirfoil is at a positive angle of sttack of 3° and is =T
rmoving at a free-stream ¥ach number of L.0. The perti- —~——— ===
nent sngles ss well as the conditlons to be datermined T T -
are shown on figure 7. - '

Enter figure 5 at ¥, = L.0 saad B; = -2°, &nd
read off W; = l.16. This Mach rusber is used to obtain
M> = 4.33. vValues for the lower surface of the airfoil
are obtainsd in a similar menner. At coordinates of.
¥y = L.0 ana Bz = Lo ¥z = 3. 70; and, &imilarly, when
the flow at Mz 1s exnanded 2°, ¥ 1is found to be 3.8lL.

4 shock wave and an expension wave are shown dt the
trailing edge; however, since these dAisturbances do not

affect the pressures on the alrfoll, they will be neglected
end My, LOW Mﬁ’ and ML are the only Vach numbers

wvhich are discussed. ]

The pressure ratlos across the shock and expsnsion
wavs can be determined from figure 6. Enter figure 6

at M, = 4.0 eaid an expansion sngle of 2° and read -

; L

gl = 0.817." At coordinstes of ¥} = k.16 an@__ﬁ2_= —3°{ B

o - . - X - I . I EEN =

k) : ' IR

— is found to he 0.509. Then -
2 P, W . e
—3:-—1-—3:081(:«0809 0.661 _ - B
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or the lower surfece of the airfoil, p5/po s found
at coordinates M, = L.0, Bz = L®  to be Pz = 1.h7.

D Fo
- _ .0 -“bh_ o
At M5 — 5-70, B)-I = =2 3 _.D_'— - Oc829- Then
_ O3

B, PL P :

—_— = — X 2 - 1.219

Py p5 Yo .
Pa _ _ :

The pressure. ratios — may be converted to local

b

pressure coefficients ap by the use of the plot glven

in figure 8. The resul®s obtsined for the laocal Mach
numbers, nmressure ratios, and preszure coefficlents are
illustrated in figurs G.

Once the pressure distribution 1s determined, the
1lift, drag, and moment coefficlents can be obtained by
integrating plots of the tyoes glven in figures 10, 11,
and 12. The 1ift coefficient is opbtained by integrating
the projection of the alrfoll pressure distribution on a
vlane pearallel to free-stream dirsction. For the exanmple
airfoil at Nach number ;.0 and angle of attack 3°, the
11ft coefficient is 00540. The drag coefficient is
found 1n the ssme manner except that the Integration ls
over .the projection of the alrfoil pressure distribution
on a vnlane perpendlcular to free stream. The pressurs
drag coefficlent for the example airfoil is 0.00315.

The total section drag caefficient is the sum of the
viscous and vressure-drag cosefficients; for1instance, if
the viscous-drag coefficlent is 0.0060, then the total
drag coefficient i1s 0.0060 + 0.00315 = 0.00915. The
moment- coefficient, obtained by integrating the
elemental moments about—the pnoint—desired, becomes
0.001112 when taken about the center for the example
girfoll.

In the precedling exampnles step-by-step calculations
were made slong the ailrfoil, in which case the rssults
obtained at any point are dependent on the accuracy of
those at the preceding points, The results thus obtalined
on the rear of the airfoll may be subject to greater -
inasccuracies than are necessary. A method 1s consequently
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dgiven for determining the conditlions behind each of a
series of expanslons indevendently of the condltions
exlsting at interwmedlste voints. TFor the exsmole air-
foll of figure 7, the free-stream flow was sxpanded
around a 29 corner to obtain the conditions on the front
of the uppser surface and these conditions were then
axnanded around the second 2° corner Tto give the condi-
tions on the rear of the upper surface. These last con- SRR
ditions, however, could have been found directly by .
referring the rear of the upper surface to the free-stream
conditions and expanding tarough the totel angle (L°) at—

once. Theoretically the results obtained are exactly the

samwe regardless of vhich methed ig used, provided no

shock waves &re nresent between the end-polnts of the

calculatlion. This methed of edding angles does riot apoly

wnen these ere intermediate shock waves because of loss

nf total head in the shock wave. .

If it 1is desired to calculate only the pressure
distribution, it 1s not necessary to find M s ‘é;"

¥,, or pp/o; for an sirfoll slmilar to the type in )
the exsmple glven. - . -

Figure 13 is taken. from reference Li to compare the
experimental pressure distribution on an airfoll with
the calculated distribution. ®ven though the wind-tunnel
tests were of & very small model and although the airfoil
is not of & type varticularly suitakle for ¢calculations,
the calculated snd experimental values seem to compare
favorably except for the region of separated flow near
the upver trailing edge of the sirfoll. The method af
the present report is nct exact for an airfoll of this
tyoe, which has considerable curvature aglong its entire
length. The inaccuracy csusad by the curvsature, however,
seems to be small. The thickness ratio and angle of
attack of the example airfoill are somewhat higher than
fhoss for which the msthod is recowrended. Raf:remce I
..... slzins the sevaratcd rezion of flow. o :

Ienglev Memorial Aerorsautical ILaboratory - -
" National Advisory Cormittee for Aeronsutics R -
Lungley Field, Va., April i, 1946
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APPENDIX -

YETHOD OF ANATLVYSIS

Shock waves

Suversonic alr flow about an eirfoll may be said
to congist of expansions and shocks. Peference 2 men-
tions the fact that a change in entropy occurs through
a shock wave. Three conditions are shown, however, to
goply to the velocities, pressured, and densities at the
two sides of the shock wave, namely:

(a) Continulty of mass

(o) Balance between pressure difference and change
of momentum

(c) Conservation of energy

These conditions lead to the three basic equations:

'j
fé _ tan 6
| Py tan (8 - RB)
oF | > (1)
Ap _ ~8in B
Pa  sin 8 x cos (8 - B)
-~
42 2 sinze ap
4p Pg
: F (2)
_2.8in £ %X 8in @
cos (8 - @)
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Ap _
— = (3)
ap Ap
o ¥ 7
Then, by use of ths relation
D
%E:_E_E<BE—9 ()
b 4M =\
1t follows that
Pg 7Mb2 sin 3 sin 6
= +1 (5) -
By cos (8 - B) '
1 = a1 29 _ A+ 1 sin G sin 6 (6)
Mba 2  cos (B - B)
cos 8 Pp Pa
My S My —— —= =2 (7)

cos (8 - R Pa Py

By substltutlion of arbitrary values of & and B in
equations (1) and (6), the corresovoriding values af
density ratio across the shock and ¥ach numbsr befors

the shock are obtained. If the simultaneous values of 4,
3, and ¥, are used with equations (5) and (7), the
nressure ratlo across the shock and ths Mach number 7
after the shock are obtained.
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Figure 1l shows the angle of the shock wave as &
fanction of the YMach number beforle the shock ¥, and
the angle defining the change in dlrection of the flow L.

The pressure ratios and the Kach numbers after the
shock have already been discussed, for figures 5 and 6.
se of the ratio of oressure after any shoclt wave to
Tree-stream static vressure, together with free-stream
Mach numbsr in ejuation (L), maker nossible the detsr-
mination of the oressure coefflclent vekind that shock
wave. Figure £ has shown the grsaih for converting
nresgure ratios to pressure coefficlents.

ixocansion vaves

The flow after the shock wave may be consldered
adlabatic as long &s the flow is ¢xpanding. By the use
of such flow conditicns, the veloclties, densitiss, and
pressures may be calculated. Experimentally some trouble
is encountered when extremely large angles of expansion
are used. The flow may break down and form a turbulent
walle of somewhat higher static prassure than might be

expected 1f the flow _had oontinued to expand around tihwe
corner. -

RPererence 3 considers that a flow at a Mach number
of 1 expands around some anzle U . and reaches a higher
Vach number M defined by the relstion

4 + l _1 V 4 ~ 1 -1 1 A
v Mo - -c L
¥ - 1 \/7 ¥ 1> cos Ty (0

By expanding arcund &n angle V., the flow reaches a
Mach number Mp; and by expanding'around some larger
angle Vg, the flow reaches some higher Mach number _M@.
A Tlow at the flrst Mach number M, can then reach the

higher Mach number ¥, by expandlng around the small
sngls,

‘B:Ua"vb: (9)

I
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Equations (8) and (9) serve as the basis for cslculating
the expenslon lines in figure 5 showing the variation

of local Kach number with change in surfece slope.

Mnother equation derived from the work of reference 3
gives the pressurs ratio across expanslon waves as

-
Loyt
ra - (10)

8]
b 2+("(—1)Ma

From equations (5), (3), and (10), 1t is vpossible
to calculate the part of figure 6 that glves the pres-
sure ratlo scross expansion waves as a function of the
local Mach number before the expansion and the change
in surfacs slopes.

The figures shown in this report, because of their
lirited size, may not be accurate encugh for routine
calculations. It way be desirable toc plot the graphs
to a larger scale before using them. Tor this reason
the values ars listed in tebular form for the msain
graphs. .

Tables T and IT should be accurate to all the figures
shown, but tsble II may not be exact in the last figure
since the exnansion calculations regulired graphical
interpolation between very close computed polnts.
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TABLE I.~- VALUES OF LOCAL MAOH NUMEER, PRESSURE EATIO,
AKD PRESSURE COEFEICIENT ACROSS SEOCK WAVES

e 8 p 8Pg, b o- 3 Pa [ 4Payp
(aeg) | (aeg)| Mo a | Tt | e | taem)| ™ Y » 3,
8 .0 7.18546 | 7.185L6 | 1.00000 | O 16 6 h.9l6ss | L.35137] 2.00221 o.ozggl
1 .8oi2 . 1.208 00490 .33290 | h.551 2. 6] .o
J, 2 3.601;32 gg&{ég 1.506%_ k3 § gégzgg 15L§§61§5§ ;Egﬁi .ggzlgé
0 . §.392 .00000 {0 ) ) : :
1 2.391581’; 6.2%56# %.18232 00551 10 g.uoe .h567lé lk.69797 | 09626
2 .h8067 { 7.0 7‘39 1.1130 01200 1 .900 2.9381; 6.8559 | .10559
3 <2783k | 7.54385 | 1.789 01646 7 o 5.42032 | 3,120 1.00000 1o
10 o |57 76 | 5.75876 1 1.00000 1] 30 o522 3.19188] 1.09391 | .o1062
1| 8y | iogel | it | oe S| EEE T L) w
R gizz 6361;8%‘9 122322 01832 a ﬁ:o701 5:772%). 11?3513? k1
0 T.10485 | 2.09762 | .02436 .29k So35| 1.67261 10
1 0 24082 | 5.24082 | 1.00000 z I 5% 3 Z,'.os 56| 1.90576 1 .0
1 2.5 ér15. 8 | 1.1l 62 00676 h.g 573 | k.19 2.
2 232 62 5.16‘22'&& 1.532{ «01349 g 5.2%38 h.zsﬁ’i& 2.6 0820
z -01573 2-2522 i'szhzg -g%g%g 9 5.7680% | 4L.62799} 3.15127 | .09237
5 g:sgg 3 6:7‘;2 8 {2.04137 :gaggh 10 | 6.45180 | k.9usko} 3.97267 | .10230
.985638 | 7.30617 | 3.26353 . [ 11 T.41936 | 5.27398| 5.32300 | .1121
" o 9.80577 | 180877 | 1.0 o v 12 9.03211 | 5.73979| 7.5 .
. . X . . .2 1.00000 |0
% ?%Zﬁl ‘;?.635% 11..%5519%" .OJEE 1 g %.2 62‘5 gzég?ﬁ 1.08900 § .01128
a 2.7 302 5.2 268 |1.51411 | .0220L 2 3.L91L6 531‘%23 1.1915 | .
-2L375 | 5.85433 11.79936 | .02929 EL 2.81%'5715 2:539118 %:Eél ‘o g
? 6'62'903 §.988125 219058 'gésgi 00 18} 1 1
v 2 3137 72 23%292 3. 223 | 1628 7 8 E:z%é gigg% % %%ﬁ .822&?}”
13 0 Lkohhshz { L. sh3 | 1.00000 {0 g h.an 3 .05733 2.%18 3373);.
;. &.97352 th;;{ ; i..%zzgl ggggg 9 5.215 4.25058{ 2.86418 | .097
?; 2223935 1.91619 |1.,61 0239 L | 572012 1.y 7828 i.h.9010 .108
63112 | 5.1%3596 | 1.T79535 0317 g. 7.{1:%21:: 15;1322% 6'333 ﬂ'gz
2 6.10349 | 5.39892 2.05238 83960 \ 13 9,22255 | 5.56127) 9.30%25 | .139
6'%3 “ %'%gg 2-43 '? o Ei? 2 o | s.07154 | 3.072
A4 g g: 720 6:66172 2:51302 06285 ;. ;igig; % 11%% :{g&g '3%15'95
o 13360 | L. 13360 | 1.00000 {0 3.03552 i 5.25672| 1.292 03545
w 1 lﬁ;gb% h 2 1.1155% .0066 E 5.5359 3.3355141 1.42320 702
: llt 32335 it;z z %-nghg .g{n 3.75551 { 3.42k21] 1.57743 -028159
Z- - 5.13240 | .70707 1.’?;192 ~03427 % ?‘23%38 ; '5'{8 %:'9?939{% :08?.1
1261 | 4.91882 | 1.90826 |- .oh270 L.hh535 | 3.7766L.1 2.2 .03232
2 %% %.17_3%8 2%&22 .35121 9 L.77075 | 5.93351 2.6[';32 33430
3 g.h%ﬁo 55337'1{ §Zeu§oo 108951 10 |s.2773 |kl Js812 | .aups
v 9 .79126 | 6.3943L |5.11042 | .07598 % .70 n ﬁ Lg;g zgég%g :31-2 le'g
o] .86369 | 3.86369 |1.00000 |O 1 1. h.e5273] 6.84971 | . 9
1 1 E-g&g& gg 59? %-%06%1{ 'omgi N !-?L 9-23322 5.39507110.95ul9 -1533
2 . . .
L. ? .19791 }1.384B9 02770 20 o] 2.92381 | 2.92381| 1.00000 |0
. O7ik8] 1.08078 | .0126
E h,'{gi;z t.sh 1 1.27329 ZZ % ;2%%%19; gg%gé };773%3 '82351?:
5.021L5 | L.51957 | 1. ugg . . . 0’2
2 213bo0 | k.72 2.12k 3.38650 | 5.15592] 1.39 .0496h
g Sqigzl.g g.élél 2.2232 o_éﬁé 5 5.53676 2.23092 1.5402 | 06172
. X : 3 70716 1 1.70890 6
V|2 | BER Eh R | [ |akmt ) i) B
6 .62702 | 3.62792 {1.00000 [0 5 | k. §9 . EWAT: 16501
§ ?. 2.77;2}.; 2&1,3 1.09962 6 10 4.73061 1 3.81 2.%9263 12061
2 £.9=037 3, 1,215861 01963 15120 1 L 15215
ﬁ .1BL79 3.915 0 |1.35610 02961 11 5 651 .927 g E'z 55 3
L.356900 | L.037 1.52531 03931 § 2% '372 h'27 2 5:%532 1
. .o489 -§38sl, | L.81027! 7. 16540
\d 3 h.65202 | 118258 11.75515 4 y 15 3.5203'6 5.21..11:; 12.02305 17712
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TABLE T.~- VALUES OF LOCAL MACH NUMEER, PRESSURE RATIO,
AND PRESSURE COEFFICIENT ACROSS SHOCK WAVES - Continued

] B Pa 4Pq,p o D Apy 3
(deg) |(deg) ¥ Ya Py 9 » (deg) (dfg). ¥o Ya —; '—;:—
21 o 2.79041 ] 2. 1] 1.00000 |0 2 o] 2.36619 |2.36619 {1.00000 |o

1 ngéggg 2-322%6 1-0&'{56 -01231 ’ 1 2-25 13 2.59153 1.06692 1,016
2 2.9 2.87953 § 1.16450 | .02 2 2.50090 | 2.42023 1.1hozg .032053
i 3.08951 [ 2,93282 1-2655ﬁ -0591% E 2.5822 2.h3259 1.222 .o§77o7
] 3.20981 | 2.99660 | 1.3770 .0552 2.586 2.1:881 1.311;21 .063162
5 3.34375 { 3.05910 } 1.50857 | .08L98 5 2.75692 }2.52825 |1.L1711 [ .078398
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TABLE I.- VALUES OF LOCAL MACE KUMEER, PRESSURE RATIO,
AND PRESSURE COEFFICIENT ACROSS SEOOK WAVES - Continued
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TABLE I.- VALUES OF LOCAL MACH NUMEER, PRESSURE RATIO,
AND PRESSURE COEFFICIENT ACROSS SHOCK WAVES - Continued
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PABLE T.- VALUES OF LOCAL WACE NUKEER, PRESSURE RATIO,
AND PRESSURE COEFFICIENT AOROSS SHOCK WAVES = Consluded
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TABLE II.~ LOCAL MACH NUXBERS BEFORE AND AFTER EXPAKSION
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TABLE IXI.- STATIC PRESSURE RATL? ACROSS EXPANSIOK XAVES
N .
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TABLR III.~ STATIQ PRESSURE EATIO AGROSS EXPANSION WAVES - Conoluged

Ratio of staklae pressure zfter to statle befoare on p./pb
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TABLE IV.- PRESSURE COEFFICIENT BASED ON FREE~STREAM DYNAMIC PRESSURE

Preasure coefficient, Aap,/q,
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PABLE IV.- PRESSURE COEFFICIENT BASED OKN FREE-STREAM DYNAMTC PRESSURE - Concluded

Pressurs coefficisnt, APn/do
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Figure 1l.- Method of measuring angle causing expanslon.
The angle causing expanslon is always cons ldered
negative.
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(b) Shock at intermediate point along airfoil.

Filgure 2.- Method of measuring angle causing shock, The
angle causing shock is always considered positive.
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Figure 3.~ Effect of exceeding the limitation on angles.
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Figure 7.- Example airfoil (showing conditions to be determined]).
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Figure 10.- Determination of 1ift coefficient from
pressure distribution for example airfoil of fig-
vresa T and 9. Value obtalned by integrating
shaded area gives 1ift coefficient, 0.0540.
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Figure 12.- Determination of moment coefficlent from
pressure dilstribution for example airfoll of fig-
ures 7 and 9. If leading and trailing surfaces
§ive moments in the same sense add the area between

upper leading" and “lower leading" to that between
typper trailing" and "lowér trailing® lines. The
value obtained by integrating shaded area gilves the
moment coefficlent about 0.50 chord, 0.00011l2.
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SUPPLEMENT
NACA TECENICAL NOTE NO. 1143
CHARTS FOR DETERMINING THE CHARACTERISTICS OF
SEARP-NOSE AIRFOILS IN TWO-DIMENSIONAL '
FLOW AT SUPFRSONIC SPEEDS

By H. Reese Ivey, George W. Stickle,
end Alberta Schuettler

September 1947
Since Technical Note No, 1143 was completed, the need for a more
extensive version of table I, "Values of Local Mach Number, Pressure
Ratlo, and Pressure Coefficlent across.Shock Waves," has becoms apparent.
This table 1s now available in expanded form; and a copy of the expanded
table is included in this supplement to supersede the original table I.
Errors in the original publication are as follows:

Page 11l: The first sentence of the last paragraph should begin
s+ "Pables I and IIT . . ." instead of "Tebles T and IT . . . "

l Corrections in tables II and IITI are as follows:

Table IT.~
M, - My
2.3 23° 34225
2.6 103 3.0867
L.3 3° L.5658
b7 70 54669
L7 8 5,5922
4,7 9° 5. 7240
6.2 g° 7.9200

Table IIT.—
M, -8 Pa/Py
1.k 14° 0.49071
Y.7 21,0 .02350
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Figure 13,~ Each vertiocal space along the scale label for pressure
coefficient Ap/q should represent 0.125 instead of 20; thus, the

vortical scele shonld appear:
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TABIE I.- VALUES OF LOOAL NAGE NUNEXR, PEESSURE RATIO,
AXD PRESSURT COEFFICIERT ACRCSS SEOCE WAYES
e s o |y ] s /Y /WY
(o) | (aop) | M % ™ w% || 0| | ™ * n -
8 o T.18546 | 7.18%48 | 1.00000 | O 18 [ 3.2360k | 3.2360% | 1.00000 | ©
i 7.80125 | 7.57W 120038 | .cobg0 1 3.35720 | 3.e383 | 1.08500 | .omse
2 8.60430 B-O’rzz 150622 009717 2 3.59186 | 3.28878 | 1.193k% .022h%
3 3.617e | 3.44868 | 1.31087 .03349
9 [ 6.§2& 6.22& 1.00000 | © k 3.811%0 | 3.53948 | 1.km1g% LOkkLY
: G'xeo"g s'oerB% :1..:1;53932 L £.00564 64318 6209
Te T o 3 o 3. 1. 28 .
3 8.2183% | 7.58385 { 178681 01646 6 k23083 | 3.76281 | 1.8ers3 .0”28
7 §.57062 e kg: 2.16071 07937
0 [ 5-12271 5.75871 [ 1.00000 | O 8 A.817h3 .057h9 | 2.41888 08734
;— 6.14639 2%‘2 iﬁg - mm% 9 5.21582 | k.25%038 | 2.06m8 09139
] ‘e | Eeune | I .01832 10 2138 | hatess | a0 Egge
K 3 | 7.1088% } a.09762 02436 n 6.52781 | k.756k h3IERL . 2
12 T.h602k | 5.10668 | 6.03381 .1ag2)
n 0 s.2t082 | 35,7082 | l.00000 § O 13 | 9.2#255 | 5.56127 | 9.3052% 13936
1 .55967 | S.k3uk8 | 1. 00576 _
2 5.9k262 5.6263'& 1. +O13L5 9 Q 3.0725% 3.071%% 1.00000 [+]
3 6.42373 | 5.95318 .58 02078 1 3.18101 | 3.12%9% 1.08465 .0119%
) 1-31599 g-eg’;ag ;. hg% 02682 2 3.301.2 3.181&{ i.msl. 02377
T- T, N » 3 3.h35 3.85687 .29288 <03583
2 8,98638 | T.30617 | 3.26333 oiosg: 5 3.53559 3.33514 | 1.hg320 .oﬁ‘oa
12 1] h.80977 |.8.8097T [ s 3.7955% | os.keke) | 1.87743 05849
1 5.07T739 | k.969%1 [ 1.1334k .w{ai 6 3.95028 | 3.52573 | 1.76303 06985
2 5.39281 | 5.15796 | 1.29999 ~01KT 7 §.17683 | 3.8%210.] 1.99073 .08113
3 5.TT2 %o 1.51k11 +0220k 8 A Lhy3S 3. T7668 2.2770 s
% 6-%:3‘:13_ ; kg %-19936 -32929 9 ATT0TS | 3.53351 | e, .103k3
¢ | Tem0s | Einm 2:@39 “oA37L 2 | 2amp | s | sume | .
T 8.8711712 6.96292 3. - po i B &,34078 3.85929 .
. Ak Y o 12 s.u:ug :'9;-43 z.s gi ﬁ‘“
4] . . 3 1.00000 13 TS, N v .
B 1 . 5;% x.,"%'l 112271 00803 1% 9.483 5.29507 | 10.95kk9 15813
e k.9 B.TINE8 | 1.e7 .01600
s.2ho83 | k.91619 | 1. oeasg 20 ° 2.92381 | 2.92381 | 1.00000 [0
i 5.6 5.13%96 | 1.70335 0327 1 3.0233% | 2.97ik8 | 1.08078 01263
v | smte | aems | oo R AR R BE
.10; . 2.0 o . . . R
Z ¢ Ed g'mze 2. <0738 13; 3.32’5’0 3.153%% | 1. T QUoEs
7 3.5%2 6.%266 E.mw 03513 .
8 R 6,661T2 .W1302 ~0628% 2 sggrs'{g :.23093 i:ghohe osgg
3. . .
1% [ 413360 "';ﬁ‘m 1.00000 | © 1 290296 | 3.81765 .gg::b
1 . w.2keh8 | 3.13376 . 8 .13158 | 3.33157 | 2.16093 09732
2 :. ng :.ﬂgsg 1.233%1 .01726 9 k.holkg | 3,6630T | 2.%7965 «10901
. 5287 1.h3gks .
13; C132%0 | M. 1.63392 -03haT 10 k73461 | 3.80606 | 2.85%60 12061
omats | v | 2ot | e i
H e .9 L . . R . .
6 9888k .17368 | 2.28 08107 13 6.%6071L . 5.5 . 3
I %.saae 5. > a.a:.% R W 7.6385% 81027 | T.7962% 1@0
g.h’{k;o 5. k 3.6%800 B 1
9 219126 | 6.3943k | 5.11042 07958 ) 9.83090 | S.24117 | 13.09305 L7172
. o 0 2. L 2 1 1.00000 [+]
» g E.“ﬁ gg‘ssg tmmsn 0.00931 a 1 2. 2. gg;E 1.07736 .01221
2 h.ﬂm 98829 p % " «01931 -] 2.9&062 2.5795% 1,164%0 B EE
B,k 13. 1) 1. K );‘1 3.0693{ 2.9129¢ | 1.263%2 0%
i h.-r:’ng k.3%601 | 1.57329 .8’53«,’? 3.209 2.95660 | 1.37704 05228
X . 1. .cuz% .3k 3.05510 | 1.50857 05498
2 §.°’um"" :.%ﬂ z.?zm . 2 ;E BE '3.12563 l.m 07636
T 5.80618 5.0&2& 2,55026 +06370 T 3. (] 3.220% 1. »05002
8 6.33211 | 5.27618 3,16796 o 8 3.56{18 s.g;'la‘{ ?'.oeg;la m:%‘r
9 T.h262h | 5.65781 | h.1k339 .083k3 ) k.oske8 | 3. o, 3450k 11463
8218), 14628 . 09023 10 k. 55785 | 2.69%21 126
10 8. [ 5.91549 Lo "?mg?‘g g.ggg E%“gg i”m
16 ° 3.62792 | 3.62792 | 1,00000 | © 12 5.1; R . .
106, 09962 1 70 05575 70770 16262
v | IR | i | b w3 R L e R R
k2479 [ 3.913 1.33610 02961
36900 . . 7.708e48 | k.67780 | 8.90838 18633
K koosea | L0831 | .01 % | ioioses | s.opeas | asqomn | Liséat
? ::g 3 :;?315 o :0585?. =2 o 2.665Mh | 2.6608k | 1.0000 |0 -
T 5.33290 | k.5513k | 2,334e6 +08803 1 9.;23.18 2.70%% | 1.07h35 .03h01R
8 5.82325 b.ggg 2.839; .g}g g :-9“3 :-:lm % 1-151 2 -gﬁm
? Serak | 5. 3.2 - i 3.05197 | 2.856T7 | 1.39832 | .0Skgm6
10 T.h081% | s.k867% | 4.6979T 05626
50088 93848 8555 10559 5 3.172k2 | 2.505%2 | 1.8108 068287
B ® 9 ¢ b 6 20680 2.57131 | 1.6°361 081470
7 [ 3.42032 | 3.h20 1.00000 |0 7 .| 3.hs826 | S.0kn5e | 1.70138 .09&320
1 3.55532 | 3.9 1.09391 01061 8 3.63087 | 3. 1.§9170 <107
2 3.70612 | 3.%7318 | 1.20113 .02 9 3.83033 | 3.2¢2k08 | 2.23535 12029
2 3:?1311; 3T | Id 31‘.3 “ohie i :.gﬁ g.;sm 2oer | .13
5, 29 o35 | 1. 05210 12| Y880 | samw | sk
- A R R A AR R
k.87 “'gﬁ" 2.80812 m 5.72501 | 3.98579 | 5.199%% «183¢]
: et :'62199 b ~09237 13 6.57835 | %.23809 | 6.91836 19538
L el 31| B | 7.570% | 4513 | 1005308 | 2078
10 644180 | k.o2kko | 3.97267 10230 17 10.91165 | k.96%39 | 19.32636 21589
Tl 7T.51936 | 5.27398 § 5.32300 11219
12 9.03211 | 5.73979 | 7.96901 . 1220k
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TABLE I.— VALUES mmmm, PERSSURE RATIO, AND
PEESSURE CORFFIOIENT ACROSS SHOCK WAYES — Comtimued
P, L)
0 s % Mo s = . 3 Y
(d08) | (aeg) ® % (ag) | (aeg}
30 20 k50159 | 3.00520 | 6.85081 | 0.347 3k ] 1.788¢9 [
21 5.56k3k | 3. 8.863sk 36232 1 1.82960
22 6.5559). | 3.30392 | 12, ﬁ 2 1.87291
e3 8,51233 | 3.5175 ik . E 1.91837
' 1.96630
s O niae | vimse| Lows | Coeors 01438
9! 0857 . 2.
2 :.osalgg Ji.96598 1.%22 .0l110 2 :.0105&
X -98107 | 1. 06106 T . 12758
E 2.14730 99623 1. .0B0Sk 8 2.188kg
9 2,85376
5 £.2068k | 2.01760 1.34052 .09589
6 2.27049 | 2.01933 | 1.heBTL 388 ||’ 1 2.3&!;0%
z 2.063% 1.52616 13741 n 2.
201067 | 2.05062 | 1.6 L] 12 2.58279 | 1.5878%
9 2.k0230 | 22062 | 1. 17379 13 2.57339 | 2.01966
1k 2.67317
0 2.5‘[235 2,15392 1. .19160
n 2.8y 2.19086 | 2.04T35 -20916 15 2.78%06 | 2.070%5
iR | i | B ¥l iE |
Y1 303001 | 2.30605 | °.67hE0 | 26058 3 Jeniix | 2.
A 19 3.3996% | 2.300k9
13 3.18052 | 2.38468 | 2.963%0 zm{
16 3,35393 | 2.8k806 3186 25391 20 3,636 | 2
ﬂ 3-55199 25183% 2-71%902 +31038 3 289?“593 2‘53?4
s Vanh | aémor | s.deser | .awees = ;ggzn g'
20 47555 | 2.79760 | 6.03228 «35850 : ’
S | le |8 | 1y | me R e el
3 6.53565 32?3% 12?5 *hothy - :
ek 9.13076 | 3.%h528 | 25.63%52 -heelz 33 ?_ ::ll-'llsb t’rhakg
) ° 1.88707 | 188707 | 100006 | © 2 S
1 1.93213 | 1.8966k | 1.05639 02358 3 L86822 | 1.7l
2 157956 | 1L.90799 | 1.11716 k271 3 1.91398
3 2.00958 | 1.92012 | 21.18a87 .06%h2
» 2.00253 | 1.9360 | l.25420 .08373 ] 1962t | 1o
6 g.013¢1 | L.
5 2. 1.99330 | 1.33195 E:z T 2.087, L.
[ 2. 1.672%6 | 1.h71L E 8 2. 1
Z 2.962T7 2,00680 151078 .m g 2.18638 | 1.
2.33163 2.018% 16155 .
9 N 2.04X; 1.72982 18011 0 2.85238 L%
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